Tissue culture is the best option to produce disease free seedling of the fruit crop rapidly. Micro-propagation and use of the in-vitro grafting (micro-grafting) is very helpful for production of virus free planting materials in mandarin. Different levels of the in-vitro hormone affect the success of callusing, shooting and plant regeneration in mandarin. Shoot bud, flower bud and in-vitro seedling epicotyl was used as explants to study the hormonal effect on mandarin micro-propagation. Similarly, 10 levels of BAP and IAA combination on MS media for mandarin tissue culture were used. Observation was done for 100 test tubes per treatment combination after 4, 8 and 12 weeks of culture. Data was arc sine transformed for analysis. Shooting from explants was significantly higher (71.72%) on medium level of the BAP (0.5 mg/L) and IAA (0.2 mg/L) using in-vitro seedling stem as explant, however, it was 27.91% for stem bud as explant. Stem bud showed higher level of callusing (6.15%, p<0.001) in mandarin orange. However, flower bud didn't develop shoot in mandarin tissue culture. Increment of the in-vitro regeneration of the shooting and callusing was observed by the increment of the in-vitro incubation duration in mandarin orange tissue culture.
Introduction
Citrus is the major fruit in Nepal that shares 26.84% of the total fruit growing area in the country. Mandarin orange (Citrus reticulata Balnco) is predominant occupying 26495 ha i.e. 71.65% of total citrus growing area in Nepal [1] . Nepalese Mandarin industry is facing a lot of citrus decline related problem that can be overcomed through use of disease free planting materials. Seed propagation is 85-90% in Mandarin; however, grafting is gaining popularity [2] . Certain pathogens are difficult to be eliminated from mother plant like citrus exocortis and stubborn, which might be eliminated by a process of shoot tip grafting in-vitro. Indian Citrus Ringspot Virus (ICRSV) can also be eliminated by using the shoot tip (0.7mm) of sprouts of cultured nodal segment of Kinnow through in-vitro shoot tip grafting (micro-grafting) [3] . Similarly, plant obtained by micro-grafting do not have the same problems as nucellar plants such as reversion to juvenile state, excessive thorniness, vigorous and upright habit of growth, slowness to fruiting, alternate bearing in early years and physical differences in fruit characteristics [4] . The scion taken from in-vitro cultured buds produced healthy plants than scions from whole trees [5] . Similarly, it reduced the dependency for the seasonal flush of the mandarin for scion during micro-grafting. Youtsey [6] reported that rate of successful grafts (as high as 50%) often influenced by the condition of the plant material and time of year. Therefore, the continue supply of the in-vitro scion material will enhance the micro-grafting efficiency of citrus for all year around. Similarly, in-vitro callusing, regeneration and conservation of mandarin is very important. Martin et al. [7] also established a protocol by using nodal stem segments of sweet orange for in-vitro conservation for two years and its recovery that was successfully applied on mandarin. Therefore, this study was conducted to identify the suitable in-vitro culture media for mandarin in-vitro shooting and callusing.
Materials and Methods

Variety and Ex-plant Selection
Mandarin orange variety 'Manakamana Local' was used in this study. Immature shoot with single bud, mature flower bud and in-vitro seedling epicotyl (2 cm long) was used as ex-plant. In-vitro seedling of 8 week was used to harvest epicotyl. Explants were collected during citrus flowering season. Immature shoot with single bud was used as explant to study the shooting from callus.
In-vitro culture media
Different hormonal composition was applied for the Murasige and Skoog (MS) basal media [8] (as in Table 1 )
Ex-plant culture and incubation
The explant was sterilized with 4% sodium hypochlorite solution for 3 minutes. It was washed with distilled water for 3 times and cultured on test tube with 20 ml specified media ( 
Results and discussion
Shooting
Flower bud don't show shooting directly, however, it showed highest callusing rate (81.77%). Similarly, highest shooting directly from explants ( Figure 1 ) (31.195%) was observed from in-vitro epicotyle ( Table 2) . Mendes et al. [9] also observed that epicotyl explants from 35-day-old seedlings produced significantly more shoots per explants in sweet orange variety 'Para'. No shooting from callus was observed on MS basal media+BAP 4 mg/l with/without IAA. Similarly, highest shooting from callus (24%) was observed on MS basal media+0.5 mg/l BAP. Highest callusing was observed on MS basal media+ BAP 2mg/l with/without IAA 0.2mg/l (Table  3) . MS basal media+1mg/l BAP gave highest shooting (49.81%) directly from explant. Shooting directly from explant and from callus was found increased by increment of the incubation period (Figure 2) . Similarly, significant interaction between explant and media, explant and incubation period was observed for callusing from explant and shooting directly from explant. No interaction was observed among explant, media and incubation
Callusing
Flower bud gave highest callusing for all media composition (Figure 3) . It was highest on MS basal media+0.5 mg/l BAP with or without 0.2 mg/l IAA and MS basal media+2 mg/l BAP from flower bud explant. No callusing was observed under hormonal level 1 mg/l BAP in in-vitro shoot tip. Highest callusing from immature shoot with single bud was observed on MS basal media+1 mg/l BAP+0.2 mg/l IAA ( Table 5 ). T2  T3  T4  T5  T6  T7  T8  T9 
Shooting directly from ex-plant
Flower bud didn't show any direct shooting nor does it produce any shoot after callusing. MS basal media+4mg/l BAP+0.2mg/l IAA don't produce any shooting directly from immature shoot with single bud (Table 6 ). It didn't produce shoot from callus too (Table 3) . Highest shooting was observed on MS basal media+1 mg/l BAP from in-vitro epicotyle (71.722%) and from immature shoot with single bud (27.906%) (Figure 1 and Figure 4) . Similarly, immature shoot with single bud produced highest shooting in MS basal media+0.20mg/l IAA (Table  6 ). However, Mendes et al. [9] observed that the percentage of shoots that produced roots in sweet orange variety 'Para' was significantly higher in media with NAA and IBA than with NAA alone.
Conclusion
Since the requirement of BAP for shoot development was genotype specific [9] , for mandarin orange cv. 'Manakamana Local' to produce in-vitro scion for micro-grafting the MS basal media+0.20mg/l IAA in immature shoot is 
